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Abstract 

The results are presented for a radioecological survey of the 
Trinity Site environs, where the world's first (July 1945) atomic 
bomb was detonated. The temporal behavior of the low environmental 
levels of the plutonium produced by this detonation are discussed. 

The data from this study were compared with similar data obtained 
in the Trinity Site environs nearly 20 years ago. The major change 
which was observed was an increased migration of Pu into the soils. 
Concentrations of Pu in vegetation and rodents were too low to make 
valid comparisons. 

Introduction 

An ecological Investigation of plutonium was initiated in the fallout path¬ 
way of Trinity, the first nuclear detonation, which occurred on July 16, 1945 
in southern New Mexico. Trinity Site was especially Interesting as a study area 
because of the "aged" nature of the radioactive debris distributed in the area. 
In addition, it was of interest to gather ecological data on plutonium in the 
xerlc Trinity Site environs to compare with similar data being gathered in 
several semi-mesic ecosystems at the Los Alamos Scientific Laboratory in north¬ 
ern New Mexico. 1 

The data presented in this paper were obtained from samples gathered during 
one sampling period in the Trinity Site environs on September 27-28, 1972. The 
primary objectives of this effort were to survey the plutonium content of a few 
ecosystem components and to measure the field gamma radiation intensity as a 
function of distance from Ground Zero (GZ) some 27 yearn after the detonation 
to facilitate the design of more intensive studies. 

Methods and Materials 

Trinity Site, a fenced area immediately around GZ, is located in the semi- 
arid northern portion of the Tularosa Basin about 40 miles SW of Socorro, New 
Mexico, on tha White Sands Missile Range (Fig. 1). A general description of 
the physiography, climate, vegetation and mammals of the area around Trinity 
Sits can be found in various references. 

A transect was established along the reported fallout pathway of the 
nuclear debris from the detonation (Fig. 1), utilizing maps constructed by 
University of California scientists in 1948. 3 Nine sampling locations were 
established on the transect, two in the GZ area, and tha remainder at 8 km in¬ 
crements to a distance of about 56 km from GZ. 


0ns soil core was taken at each location with a disposable 30 cm section 
of 2.4 cm diameter polyvinyl chloride pipe. Tha pipe and contained core from 






each station was sealed In a plastic bag, frozen on return to the laboratory 
and sectioned Into a 0-2.5 cm, 2.5-7.5 cm and 7.5-30 cm segment. 

A sample of the most at indent forb, grass, and shrub/tree species was col¬ 
lected where possible and was Individually sealed in plastic bags. Samples In¬ 
cluded the above-ground portions of the grasses and forbs and the terminal 
leaves and stems of the shrub/tree species. Dust on the plant surfaces was not 
removed prior to analysis. 

Rodents were collected with peanut butter baited snap traps and vara bagged 
and frozen for later dissection. Tissues analysed for plutonium Included lungs, 
liver, hide, and carcass (skeleton and skeletal muscle). Care was taken during 
tha dissection to avoid cross-contaminating the aoft tissues with hair from the 
pelt. 


Trlnltlte, the fused soil material formed by the Intense heat produced by 
the datonatlon, was also collected to determine Its plutonium content and to 
Identify the gonna emitters present. 

Analytical procedures for plutonium Included a combination of wet-dry 
ashing techniques utilising a muffle furnace and HN0y-Hr solutions followed by 
Ion exchange column separation of plutonium, electrodeposltlon and alpha ray 
spectroscopy for both 233p u and 239p u< The mi nimum sensitivity of the alpha 
counting system based upon background counts during a 24 hour period was 0.03 
pCi 238p u or 239pu/ SU pi a ( a ■ 0.05). 

All soli and vegetation samples contained sufficient hi and/or ware of 
sufficient mass to reduce tha relative counting standard deviation on each 
sample to less than 25 percent (1 a). However, the generally low Fu content 
and small mass of certain rodent tissues resulted In relative counting standard 
deviations of as such as 100 percent. The standard errors associated wleh tha 
rodent data presented later, reflect this fact. 
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Direct aeeaurecent of radiation In the field vaa accomplished with a 5 

Ludlua Model 12S Count Kate Meter, which utilises a Mai (Tl) acintlllatlon 
detector, for In aleu envitoansntsl aanoa radiation aessureasnts. This Instru- '/ 
went'a readout vaa calibrated to live a proper "uK/h" reading with 60 Ce gassu * 

raya. Curing the aurvay, the Instrument vaa held at about 3 feat above the 7 

ground surface and the observed race noted and recorded at the respective loca- < 
dons, because of an inherent photon energy-dependent response, ell readings 
obtained with the Ludlua were nomalize*) using 10 Los Alaaoa Scientific Labora¬ 
tory envlronaonte! radiation doslaetry stations which utilise Ilf thcrsoluelr.- 
ascent doslaetcrs (ILD) for background radiation asasuraaents.” Doslaatrlc 
values obtained iron these TU> aateriela have been shown to be essentially 
independent of radiation anergy and, charafora, provided a basis for the correc¬ 
tion or nonsalizaclon of the Ludlua Model 125 aeter readings. The noraalise- 
ticn sssuaed unifora photon spsetrj.1 distribution. The observed average ratio 
of TLS-deteralned exposure ratas to the survey aeter ausureaeats was 0.70. 

The Fu content ( 2,, fu and 23 *Fu) of ell ssaple types ss s function of dle- 
tsace froa CZ is presented in Table 1. 
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Iha N data far vegetaciaa (fCt/g wet) were ewaaerised accerdlag ta the 
. type af pleat (grass, ferb er shrub/tree) te prev Ida seas basis far viewtag N 
eeaeaatreciea gsedieats with die teases free ex aiace aeae ef tbs pleats were 

■*-spllug atetiea. Cress s p sei s s iaelwded Trideas wicks lies . 

1 while the ferb cstegery Iaelwded 
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'tree species lAlch Iael w d e d Atrlelea eeas ac a ss . 
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Urm tfMmita . Lvctuo Anderson!t . J uoixrue ■chmuptm aod Hhoa aacroehvlla 
war* goaotrelt’/ (Mtitir than 40 c* call. 


The Pu da t« for codtaf tliiMi (fCl/t wot) war* also auaaatitod vlthoot 
regard to ipacln Ikmii cho lufnwiH awbor of seeplea did not peralt a 
•Hciu coeparlson and because IM *HciH napoattloa of tbo catch changed 


Ik* Pa c oo c aatrttloo* la aoay of th* mV cor* Mgamta (Table liven 
olgalficaacly akow backgtowad. Imli is Ct noils wars a* Mch aa Mr clots 
higher tkaa.tlM 10-100 (Cl Pe/g which has haaa rapartad for aevenl Raw Mexico 
ana soils. 7 A nrfwo of a ha a t 200.900 fCi Pa/g wss s h a tn rad ac 02 ia hath 
th* 0-2.- ca aod the 2.5-’ ,5 ca cor* a agas ats . the a s aia s a etatMtutioi to 
aoo-CZ aoil (1442 fCl/g) wss accosted ia tka 0-2.5 a sogsoat tna eh* 50.4 ho 


th* Pm data for soils fns th* CZ ami 0.1 hs station c 
wick tbs data for tbo ra a aladar of th* traasast hacaaaa tka ana snood CZ was 
aechaslcally diatwrbod shortly attar th* da t as at iaa ia a* *ft*u to rodwc* eer- 
Orooad Zen, far evaapla, was covered with at 

_11 sad th* ana a mad th* 0.1 ha statlao was 

_t the Triaitit* lyiag os th* graaal awrfaca. Ik* high Vw css- 

_A ia tka 0-2.5 ca sagaaat of th* CZ sell saapl* (Table 1) iadicatas 

altkar 1) tka everbatdMiog waa aat o es coa sfalt 2) that tka aevand Pa had 

aigntad ta tha soil oerfacei or 5) that tha a o aah ar da a - 

tka last 27 yaere, tkwo aapaaiag th* aaataataatod aoil. 

Iks ia sa wesat ratisas ia tka 0-2.5 aa otn _ 

tka distal sad of tho eaapiiog traaaact aad taaefcod a aoxliua at tka 50.4 ha 
out lea. Ol a fs aa at al. r , dariag affarta ta aap tka fallaat s 
alaa aotad tkat the hlghoot fa ao m sa s tratiae la sails* 
assas l o satalda tha GZ ana oa aart a d a h*a t AS lai fns 4 


Ska vertical dlatrlhotiaa of fa was relatively 
aa a plaa fna 02 ta tka 24.1 ha statlao. This swggostod 
ally dopooitod *a tka ooil oar foe* aa auk aa 27 ye ar* * 
looot 10 aa iato th* ooU pnfU*. 0a tha ether head, 


that Pm which ass laitl- 


w Chao 24.1 ka aso iatroaoiagly 
al.* aod Olafooa aad Unea»n| 


th* Pm la soil* fna 


t tka la ia Trialty 
aaafiasd ta tha tap 2.5 a 


i far a diffs m os la tha rata of vartiaal aigta- 
tiaa of P* ia sails, iatladiag dlffaraaaaa ia tka thaalaal aad physical fora of 
tko ta aad/or d1f£arsots» ia tha thsafsal. physical, aad Vfi f jiwl wskaop of 


itntloM la gram* won oaaoiotoatly * 

__its ia other anas af How RwUe. 1 ** 0B 

NMsstrscisas ia forh aad ahrah/tna sa a plaa wan gas 
fna wsrldwlds fallaat, fa Uvsla ia Raw Hsaias vsgstatlaa a 
t 1-5 fet/g aat saoplo. 1 * 7 Tho Pa data fat gn nos aa a fwa 
i fna 02 gaaarally fallawad tha patten whisk waa o' 


The Pu data (or rodant tissues in Tabla 1 show a consldarabla variability. 
Sources of this variability would Ineluda aaong othar chines, apaelaa differ¬ 
ences, tba low Pu contone of tha t1stuns yielding generally poor counting statis¬ 
tics, and an iasufflciant nunbar of taaplas. 

In ganarsl, rodant lungs Had the highost naan Pu concantratlona and axhl- 
bitad a pattern with diseases fron CZ that was slallar to tha 0-2.5 ca laysr of 
sail and tba grass. Lung deposition of Pu suggested that resuspension of soli 
■ay ba an leporeaae Mchanlsn In eha biological radlserlburlon of. Pu. Other. 
iavootigj|ogg have noted high lung concentrations in snail frec-roaalng 

lha activity ratios 23 *Fu/ 23 *Pu for all staple types are sumarlsed In 
Tabla 2. lha ratios for tba 0-2.5 ca aad 2.5-7.5 ca core segaanta averaged 19 
and It, respectively, while eha 7.5-30 ca segneat averaged 9. The assn values 
far vegetation were about 1-12 and about 0.5-2 for rodent tissues. The signi¬ 
ficance of tba decreasing *3*Pu/ 2 3*Pu ratio fron soils to vegetation to rodent 
tisanes la not clear at this Cine. It aay Indicate that 2M Pu la the Trinity 
environs Is acre aoblls than «*Pa. 



tha Pa esataat of three saaples of Trlaltlte fron CZ aaaaurad 3.2 aCl/g. 
1.5 nCl/g mi 1.2 nCl/g with aa average ”*Pm/ jm Pu ratio of 21 ± O.i (1 0). 
these Pa eaasaa t ratlaea are about aa order of aa—trade higher than the Pu con- 
eeat rstl aaa la 62 as lie. the "lie aoeeaatratlsns of tha Trinities staples 
M ea s ure d 0.5 aCl/g, 0.024 aCl/g aad 0.033 aCl/g. Prallalnary data frea radlo- 
aaelr gleal stadias at too 41 ease 1 ladle s t a d that " l 4a aay aster bloleglcal 
systaaa to a greater dograa thaa Pa sad, caaaeg a aatly, asy be sf ogual or 
greater laparrssts than Pa as a oe st a aln a a t la natural a s y sta a a . 

the avers— grass gaans radiation aoasursaants ebtalaed outside tba 02 area 
ware not significantly different free tbs aaaearaassta ebtalaed at resets leca- 
tlsas or ahdt eould be esn s lds rsd to be tbs natural bscbgrsasl radiation levels 
far tha cantral New Neales arse. 7 Haasered values sf mdlatlss also fall within 




the rang* of 12*20 pR/h suggested by Cowan 13 as being normal for the northern 
White Sand* Miaelle Range elevation depending on the geological composition of 
the earth's cruet. The measured values within GZ were significantly above 
background levels and approached a maximum of one mR/h under the meaeurement 
circumstances noted previously. 

Results of this preliminary investigation indicated that the general pattern 
of Pu distribution in soils, vegetation, and rodents as s function of distance 
from GZ was similar to the findings of Leltch 3 and Oiufson at ul. 5 However, 
there has bsen an increased migration cf Pu into the soils since the lest mea¬ 
surements were made about 20 years ago. Concentrations of Pu in ell sample 
types of the present study were generally similar to tha findings of 20 yoars 
ago at Trinity Site. Hot/ever, the limited number of samples analysed in the 
present study does not allow an adaquata comparison, end more refined studies 
are currently in progress. 
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